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You have successfully submitted your manuscript via the Rapid Review system. The control
number of your manuscript is AEM01306-08 Version 1.
Take note of this number, and refer to it in ‘any correspondence with the Journals
Department or with the editor. You may log onto the Rapid Review system at any time to
see the current status of your manuscript and the name of the editor handling it. The URL
is http://www.rapidreview.com/ASM2/author.html, and your user name is vharwood. To find
contact information for the editor handling your manuscript, go to the following URL:
http://www.asm.org/journals/editors.asp

In submitting your manuscript to Applied and Environmental Microbiology (AEM), the
author(s) guarantees that a manuscript with substantially the same content has not been
submitted or published elsewhere and that all of the authors are aware of and agree to the
submission.

By publishing in the journal, the authors agree that any DNAs, viruses, microbial strains,
mutant animal strains, cell lines, antibodies, and similar materials newly described in
the article are available from a national collection or will be made available in a timely
fashion, at reasonable cost, and in limited quantities to members of the scientific
community for noncommercial purposes. The authors guarantee that they have the authority
to comply with this policy either directly or by means of material transfer agreements
through the owner. o

Similarly, the authors agree to make available computer programs, originating in the
“authors' laboratory, that are the only means of confirming the conclusions reported in the
article but that are not available commercially. -The program(s) and suitable
documentation regarding its (their) use may: be provided by any of the following means:

(1) as a program transmitted via the Internet, (ii) as .an Internet server-based tool, or
(iii) as a compiled or assembled form on a .suitable medium (e.g., magnetic or optical).

It is expected that the material will be provided in a timely fashion and at reasonable
cost to members of the scientific community for noncommercial purposes. The authors
guarantee that they have the authority to comply.with .this policy either directly or by
means of material transfer agreements through the owner.

If your manuscript is accepted for publication, a condition of acceptance is that you
assign copyright to the American Society for Microbiology. A copyright transfer agreement
is sent with each letter of acceptance after the manuscript has been scheduled for
publication.

If your manuscript is accepted for publication in, a.2008 issue, page charges (subject to
change without notice) will be assessed at .$65 per printed page for the first eight pages
and $200 for each page in excess of eight for a.cgrresponding author who is an ASM member
or $75 per printed page for the first eight pages.and $250 for each page in excess of
eight for a nonmember corresponding author. A corresponding author who is not a member
may join ASM to obtain the member rate. If the research was not supported, you may send a
request for a waiver of page charges to the Director, .Journals. For more details,
including type of articles not charged, see the Instructions to Authors.

IMPORTANT NOTICE: For its primary-research, journals, ASM posts online PDF versions of
manuscripts that have been peer reviewed and”aégepted but not yet copyedited. This
feature is called "AEM Accepts" and is accessible from the Journals website. The
manuscripts are published online as soon as possible after acceptance, on a weekly basis,
before the copyedited, typeset versions are publighed.  They are posted "As Is"

(i.e., as submitted by the authors at the modification stage), and corrections/changes are
NOT accepted. Accordingly, there may be differences between the AEM Accepts version and
the final, typeset version. . The manuscripts. remain listed on the AEM Accepts page until
the final, typeset versions dre posted,-at which point they are removed from the AEM
Accepts page and become available only through links from the final, typeset version.
They are under subscription access control until 4 months after the typeset versions are
posted, when access to all forms becomes free to everyone. Any supplemental material
intended, and accepted, for publication is not posted until publication of the final,
typeset article. '

Thank you for submitting your manuscript for céﬁsidération.
Barbara Slinker

Production Editor
Applied and Environmental Microbiology (AEM)
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14 ABSTRACT

15 A poultry litter-specific biomarker was developexnt microbial source tracking (MST) in

16  environmental waters. 16S rRNA sequences that prersent in fecal-contaminated turkey and
17  chicken litter were identified by terminal restrast fragment length polymorphism (T-RFLP).
18  Cloning and sequencing of potential targets fromlpofE. coli, Bacteroides or total bacterial

19 DNA yielded four sequences that were ubiquitougaaltry litter and also contained unique

20 sequences for development of target-specific P@Rgus. Primer sensitivity and specificity

21 were tested by nested PCR against ten compositeyplhiter samples and fecal samples from
22  beef and dairy cattle, swine, ducks, geese, andahisawage. The sequence with greatest

23 sensitivity (100%) and specificity (93.5%) has 9&Bntity toBrevibacterium avium, and was

24  detected in all litter samples. It was detecteldatlevel in only one goose and one duck sample.
25 A quantitative PCR assay was developed and testditter, soil and water samples. Litter

26  concentrations were 2.2*102.5*10 gene copies/g. The biomarker was present in arityagf
27  soil and water samples collected in and near avbase litter was spread, reaching

28 concentrations of 2.9 X @ene copieg™ in soil samples and 5.5 X 16ene copies™ in

29  runoff from the edges of fields. The biomarker wiintribute to quantifying the impact of fecal
30 contamination by land-applied poultry litter inglwatershed. Furthermore, it has potential for
31 determining fecal source allocations for total maxm daily load (TMDL) programs and

32 ambient water quality assessment, and may be usedtiher geographic regions.

33
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34 INTRODUCTION

35 Excessive land application of poultry litter as aste disposal mechanism has been linked to
36 eutrophication of water bodies (28, 35, 39), theeag of pathogens (15, 19, 21), air and soll
37  pollution with metals (11, 33) and groundwater eonihation with nitrate (5). Despite these
38  known effects, land application is still the tydlggracticed disposal method for poultry litter
39 even though viable and economically favorable atitve disposal practices are available (7,

40  20).

41 Identification of the source of fecal pollution ¢aminating a watershed is of particular interest
42  for protection of water resources and the safetgoffeational waters. For example, TMDL

43  assessments require identification of the soura®ofamination, which is also necessary for

44  remediation of impaired waters(44). Current methodsletecting the presence of fecal

45  pollution, which carries an increased risk of thesence of pathogenic microorganisms, involve
46  the cultivation of fecal indicator organisms sushfecal coliforms in the family

47  Enterobacteriaceae (Oklahoma Administrative Code, Title 785, Chapt6). The U.S. EPA and
48  many states recognifscherichia coli and enterococci as indicators of freshwater renealt

49  water quality (42).

50 Drawbacks to the use of indicator organisms whiciit the ability of researchers to pinpoint
51  sources of fecal contamination include the non-$ipéyg of the fecal coliforms to one source
52 (25, 43), variable survival rates of various intlkicaorganisms (1) and the growth or extended
53  persistence of these indicator organisms afteasel¢o the environment (12, 45). These

54 drawbacks have lead to research into alternativteads for the assessment of human health risk
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55 from microbial pathogens in recreational waters tltanot include the culturing of fecal

56 indicator organisms for identification and quarttfiion of the source of fecal pollution (46).

57 A variety of microbial source tracking (MST) metlsodor recent reviews see (17, 40, 47)) have
58 been proposed as an alternative to cultivatiorecélf coliforms. Some of these genotypic

59  molecular based techniques have included librapgdéent methods (i.e., culture and isolate-
60  based) such as ribotyping (10, 31) and repetitiement polymerase chain reaction (REP-PCR)
61 (14). Library independent methods (i.e., detectiba genetic biomarker in extracted DNA)

62 have also been developed using discovery techngpssas suspension arrays (8), subtractive
63  hybridization (13, 26), and terminal restrictioadment length polymorphism (T-RFLP) (3),

64 among others. Host marker specific targets hasledgedEnter ococcus faecium (37),

65 Bifidobacteriumand members of thRacteroidales (3, 22, 38), among others. Relatively few

66  microbial targets specific to poultry fecal matéhave been identified. To dalmterococcus

67 faecalis(23),E. coli (10) andBacteriodes (26) have been associated with poultry fecal nedier
68  but only theBacteroides biomarker (26) was specifically associated withlpgwand not other

69 fecal sources The objective of this research wadetatify a poultry litter-specific biomarker,

70  validate its specificity against other sourceseafal material from within and outside the

71 watershed and develop a 16S rRNA based real-tinke &Say for quantifying the biomarker in
72 environmental samples. This work was carried oygaasof ongoing litigation in which the

73 plaintiff is the Oklahoma Attorney General.

74  METHODS

75  Sample collection Litter samples were collected from ten separat#itias (poultry houses),

76  nine chicken and one turkey facility. Litter samgpleere collected from 18 locations within each
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77  poultry house through the entire depth of therliffdqhe subsamples (total volume of 4 to 5

78  gallons) from each house were composited, homogeérand split (riffle splitter) before

79  placement into a sterile whirl pack (approximated® mL) and shipped on ice to the laboratory
80 for analysis. Litter application areas in fieldeils) were sampled by collecting 20 subsamples
81 on a predetermined grid pattern across a unifotmar@a of one to ten acres in size. The zero to
82 two inch sample from six inch soil cores were cositgal, disaggregated, sieved to 2 mm,

83 ground, homogenized and split. Vegetation, feattserd rocks were removed. The split soil

84 samples (500 ml) were transported on ice to therktbry. Nontarget fecal samples for

85  specificity testing were collected as compositesifigroups of individuals (Table 3). Samples
86 from beef cattle were collected from ten grazireyd$, of which five were within the watershed
87 and five were outside the watershed. Two indepetrdigpiicate samples were collected for each
88 field, and each duplicate consisted of feces fremscats. A total of 200 beef cattle scats were
89 collected and composited into 20 samples. Duckgmuge samples were collected in the same
90 fashion, consisting of composites from ten indiabscats, and independent duplicates were
91 collected for each area. For ducks, three landiagsainside the watershed and two outside the
92  watershed were sampled, while for geese, two |lanadieas inside and three landing areas

93  outside the watershed were sampled. A total ofsb@@s for duck and geese were collected and
94 composited into 10 samples for duck and 10 saniptegeese. Composite samples of fecal

95  slurries were collected from swine facilities, angide the watershed and one outside (2

96 duplicate samples) and dairy cattle facilities (orede the watershed and two outside (2

97 duplicate samples each) human residential selg@nout trucks (3 samples) and influent of

98 three separate municipal wastewater treatmentp(@8mdamples). A total of 20 g of each fecal

99  sample other than litter from each site was catiéetnd was placed in a 20 ml, sterile,
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100  polystyrene tube containing 10 ml of 20% glycenmudl zhipped on dry ice to the laboratory. All
101  fecal samples were homogenized in the glycerolredidNA extraction. Discrete water samples
102  from larger rivers and lakes were collected usingaa Dorn water sampler or with a churn

103  splitter for discrete or composite samples. Samipten larger rivers were typically composites
104  of 3 samples collected on a transect across thénwidhe river channel. Samples from smaller
105  rivers were collected using automated samplers p&eneollected during high flow events were
106  composited based on flow volume. Base flow sampk® collected as grab samples. River

107  samples were placed into sterile 1-L polystyrendidmin duplicate and shipped on ice to the
108 laboratory where they were filtered. Runoff samgtes the litter application areas (e.g. edge of
109 field runoff samples) were collected during or asrsas possible after rainfall events. Samples
110  were collected either with a passive runoff colbedor composite samples or with a dip sampler
111 for discrete samples. Runoff samples were placedsiterile 1-L polystyrene bottles in duplicate
112 and shipped on ice to the laboratory where thewvitered. Groundwater samples were

113 collected directly from existing homeowner’s wadlsfrom hydraulically driven shallow probes.
114  Spring samples were collected as grab samples osibyg a peristaltic pump. All samples were
115  placed into sterile 1-L polystyrene bottles angpkd onice to the laboratory where they were

116 filtered.

117  Enumeration of Indicator Bacteria. Indicator bacteria (fecal coliformg, coli and enterococci)
118  were enumerated according to standard methods ositigple tube fermentation (MTF) and

119  calculation of the most probable number accordingccording to SM-9221F or SM-9230

120  (APHA, 2005). MTF tubes containirig coli were identified using broth cultures supplemented

121 with (MUG) (SM-9221F) (2).

Harwood00000092.0006
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122 Soill, Litter and Fecal Sample DNA Extraction.Genomic DNA was extracted from soil, liter
123 and fecal samples with Bio101 Fast®Spin® DNA exicackits (QBiogene, Inc.) following the
124  manufacturer’s instructions. Typically 0.25 g ofisw litter was used in each extraction. DNA
125  was purified by size-exclusion chromatography. Sepée CL-4B (Sigma-Aldrich) was

126  resuspended in Tris-HCL and sterilized by autocktv&21°C for at least 20 minutes. Micro-bio
127  spin columns (Bio-Rad Laboratories) were packeth WimL of Sepharose CL-4B through

128  centrifugation. Sepharose columns were then wattied with Tris-HCI buffer (pH 8) and 50
129  to 150 pl of sample was added. Purified DNA wasceotrated with ethanol precipitation and

130 re-eluted in 100 pL sterile water.

131  Water Sample DNA Extraction. Within 12 hours of receipt at the laboratory afiter samples
132 were filtered through a sterile Supor-200, 0.2 (ilkrfand frozen at -80°C. Filters were then
133  shattered with sterile glass beads and vortexeateigly for 15 minutes with sterile, DNase,
134 and RNase free water to remove solids and celin the filters. The cell suspension was

135 removed from the centrifuge tubes by pipette aaded in a 2 mL bead beating tube from the
136  Biol101 Fast®Spin® DNA extraction kits. The cellsreeentrifuged at 20,000 x g for 10

137  minutes, and the supernatant was decanted. GemdAcwas then extracted using the Bio101
138  Fast®Spin® DNA extraction kits (QBiogene, Inc). Téxdracted DNA was quantified using a

139  Nanodrop® UV-Vis Spectrophotometer.

140 T-RFLP Analysis. Extracted genomic DNA and/or cloned DNA was anmgdifwith

141 phosphoramidite fluorochrome 5-carboxyfluoresc&AN]) labeled universal bacterial primers
142  8F-907R (16, 24), witlk.coli genus specific primers (Tsen, et al. 1998), Bacter oidales

143 specific primers (Bernhard and Field, 2000). AllRe@rimers targeted the 16S rRNA gene.

144  Triplicate PCR reactions were generated from eadhA Bxtraction, combined and purified
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145  using QlAquick PCR purification Kits (Qiagen). Agpimately 200 ng each of PCR product
146  was digested at 37°C for 6 hours with Mspl restriction enzyme (20u/uL) (New England
147  BiolLabs). Samples were denatured by heating taC0ff 3 minutes followed by cooling to

148  4°C. The digested fragments were purified by ethprexipitation.

149  Primer Design.Primers were designed using the ABI Primer ExpreBprogram (Applied
150  Biosystems, Foster Cit¢,A) and were targeted to variable regions betwherpbtential

151  biomarker sequences and sequences of the top stli@lated organisms in the GenBank
152  database. The BLAST search (Basic Alignment Se&och,

153  http://www.ncbi.nim.nih.gov/blast/Blast.cgias used to check the specificity of each primer.

154  PCR Assay ConditionsPCR was used to amplify approximately 900 bp ofite8 rRNA genes
155  from Bacteria for clone library construction. Each 25 uL PCRctim included 0.4 mg mi:

156  molecular-grade bovine serum albumin (BSA) (Signha@icals), 1X PCR Buffer (Promega),
157 1.5 mM MgC}, 0.5 uM of both the forward (8F) (16) and reveg[@@7R) (24) primer

158  (Invitrogen), 1U Tag DNA polymerase (Promega), @2 dNTP (Invitrogen), 1 uL DNA

159 template, and molecular-grade water (Promega). Aicggtion was performed on a PerkinElmer
160  Model 9600 thermocycler using the following conalits: 94°C for 5 minutes, 30 cycles of 94
161  °C (1 minute), 55C (45 seconds), and 72 (2 minute). A final extension at 72 for 7

162  minutes was performed and the PCR products wetkatefC. Specificity of the PCR primers
163  to the poultry litter biomarker was evaluated wigsted PCR by first amplifying non-target
164  fecal samples by universal bacterial primers 8FF0and then amplifying by the potential

165  poultry litter biomarker PCR primers. The nestedRR@aster mix and thermocycler conditions

166  were similar to the universal PCR with the follogiexceptions: 1) forward and reverse PCR
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167  primers were specific to the potential poultry barker as shown in Table 2, 2) the annealing

168 temperature was 6. Amplification by nested PCR was evaluated byejettrophoresis.

169  Clone Libraries. Clone libraries were constructed from the origig@homic DNA extracted

170  from the soil and litter samples and amplified wetther universal bacterial primers 8F-907R
171 (16, 24), targeting the 16S rRNA genedBatteria or theE. coli genus specific primers V1SF-
172 V3AR (41). The TOPO ® Cloning Reaction methods frowitrogen™ were followed for

173 clone library construction. Two clone libraries weonstructed (targetir8acteria andE. coli)
174  from pooled DNA samples (i.e., 1 ul of genomic DEXract from each sample was added to
175 the PCR reaction for inclusion into the clones)daasn the abundance of the various potential

176  biomarkers as evidenced by the T-RFLP profiles.

177  gPCR Assay ConditionsQuantitative PCR (QPCR) was used to amplify 53@tihe 16S

178  rRNA gene fromBrevibacterium spp. DNA samples were diluted to final concentratioh8

179 ng/pL DNA. Each 25uL gPCR reaction included: 1X ¥8reen Master Mix (Roche), 0.5 uM
180  of both the forward (LA35F) and reverse primer (I583 (Invitrogen), 5 % DMSO, 5 L of
181  diluted sample DNA, and molecular-grade water (Rrga). Amplification was performed in
182 triplicate on a Biorad Chromo4 thermocylcer using following conditions: 56C for 2

183  minutes, 95C for 15 minutes, 45 cycles of 96 (30 seconds), 61T (30 seconds), and 7€
184 (30 seconds) with a plate read. The 45 cycles wlmrfed by a final extension at 5Q for 5
185  minutes. Immediately following the final extensimas a melting curve from 7T to 90°C, by
186 0.1 degree increments, holding for 5 seconds wijlate read. DNA standards ranging from
187  6*10*° to 10** ng/ul were prepared from serial dilutions of clqui@smid DNA containing the
188  sequence of interest and used to develop the sthodeve and method detection limit. Gene

189  copy numbers were calculated from concentratiorgositive control standards assuming 9.124

Harwood00000092.0009
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190  * 10™ bp/ul of DNA and one gene copy per genome. Detrdiiits for the qPCR assay were
191  approximately 2000 plasmid copiesEncoli/L water and 7.3 *1Dplasmid copies iE.

192  coli/gram of soil. Nested gPCR was performed by firspléiging DNA with the universal

193  bacterial 16S rRNA 8F (16) and 907R (24) primetse production of PCR products was

194 confirmed on a 1.5% agarose gel. The 16S rRNA P@Ruyzts were purified with the QIAquick
195 PCR purification kit (QIAGEN) were subjected to gRGs previously described using the

196  LA35F and LA35R primers for the poultry litter biamker.

197  Phylogeny.The phylogeny of the LA35 clone was investigateidgishe following methods.

198  The clone sequences were assembled and aligne®iwHdit v. 7.0.5.3 and sequences were
199  checked for chimeras with the Ribosomal Databasg€trll Chimera Check program and

200 Bellerophon. The 16S rRNA sequences of the closgighbors to the clone sequences were
201  downloaded for inclusion in the phylogenic analyMsiltiple sequence alignments were

202  constructed with Clustal W alignment tool and mdiyuaigned in BioEdit. The bootstraps

203 (1000 resamplings), maximum likelihood and distamegrix analysis (Kimura), and the

204  reconstruction of the phylogenetic trees (FITCH)aveerformed with the Phylip 3.65 package
205 and in particular the programs SEQBOOT, DNAML, DNIED, FITCH, CONSENSE, and

206 RETREE. The reconstructed phylogenetic tree wasalized with PhyloDraw V. 0.8 (Graphics

207  Application Lab, Pusan National University).
208 RESULTS

209 ldentification of potential biomarkers by T-RFLP. A total of 20 T-RFLP profiles were
210 generated from the 5 subsamples of each of thditheoand two soil samples. The T-RFs

211  common among the subsamples and representing harel % of the community were selected

10
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212 for cloning and sequencing (Table 1). A total &.2oli T-RFs (i.e., T-RF 496.0, 498.9 and
213 500.8) and Bacteria T-RFs (i.e., T-RF142.9, 147.3 and 158.9) werecsetkfor cloning and
214  sequencing. Clone libraries were constructed fr@®R Products amplified witk. coli specific
215  primers (V1SF-V3AR) (41) or universal bacterialmpers (8F-907R) (16, 24). A total of 300
216  plasmids from the clone libraries were randomiked: T-RFLP analysis was carried out on
217  each plasmid insert to identify which plasmids eimt¢d the T-RFs of potential biomarkers.
218 Inserts containing the T-RFs of interest were seqe@ and PCR primers were developed for
219  those sequences containing mismatches as compaBdAST database results of the top 20
220 closely related organisms. In all 4 PCR primersti@mbers of 4 genera were developed; a
221 Brevibacterium spp., aRhodoplanes spp., aKineococcus spp. and aPantoea ananatis strain

222  (Table 2). TwcE. coli T-RFs were from plasmids that did not contain naisthes between the
223 sequence of interest and the sequences of cladalgd organisms identified in a BLAST search

224  and therefore were not appropriate biomarkers.

225  Evaluation of biomarkers against fecal samplesThe PCR assays developed for the 4 potential
226 biomarkers of poultry litter were tested for amiphition against a variety of nontarget fecal

227  samples from within and outside the watershed @ 8l Only theBrevibacterium clone LA35

228 appeared to be a potential candidate biomarkegudaltry litter in that did not amplify in any

229 fecal samples with the exception of weak amplifarain one duck and one goose sample from
230 outside the watershed when analyzed with a nesi&ldpproach (i.e. PCR with universal

231  bacterial primers and then with tBeevibacterium clone LA35 primers). The reconstructed

232 phylogenetic tree of thBrevibacterium clone LA35 in relationship to oth&revibacterium spp.

233  is presented in Figure 1.

11
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234  Quantification of the poultry litter biomarker in e nvironmental samples A SYBR green
235 gPCR protocol was developed and optimized using. &85F and LA35R primers (Table 2)
236  specific to theBrevibacterium clone LA35 poultry litter biomarker. The standatdve of the
237 gPCR assay for the biomarker is presented in Figufidne detection limit of the gPCR assay

238 was 6 gene copies/ul of extracted DNA.

239  Environmental samples from the potential poulttiefiimpacted watershed were tested for the
240  presence of the biomarker with the qPCR assay €T4bIA variety of samples from within the
241  watershed were tested, some of which were expécteahtain the biomarker (e.g., litter,

242  contaminated soil, runoff samples), some of whiat tariable potential for higher biomarker
243 levels (e.g., surface water), and some of whichlbagr potential for biomarker presence (i.e.,

244  groundwater samples).

245  The correlation between the poultry litter biomarkencentration (i.e., as quantified by gPCR)
246  in water and litter samples aBdcoli andEnterococcus as measured by most probable number
247 is presented in Figures 3 and 4. In generakititerococcus MPN counts were well correlated

248  with the concentration of the biomarker in litt&* & 0.75) and with the biomarker concentration
249  in water samples (R= 0.89). The correlation betweEncoli concentrations and the biomarker
250  in water samples was also strondg €R0.85) whileE. coli was less tightly (but significantly)

251  correlated with the biomarker in litter sample$ €R0.28). Correlation of the biomarker with

252 coli andEnterococcous spp. provides a line of evidence of the humantheak associated with
253 the runoff from poultry litter application to fiedcalthough there is evidence that regrowth of

254  these organisms is possible once they are intratimée the environment (36).

12
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255  DISCUSSION

256  TheBrevibacterium sp. poultry litter biomarker developed in thisdstwas validated in terms of
257  sensitivity (100%) against numerous positive (pgultter) samples from different locations

258  with the watershed and for specificity (93.5%) agacomposite non-target fecal samples. These
259  practices are in accordance with recent criticalengs (34, 40) that strongly recommend MST
260 method validation. Future efforts will attempt tdend the method validation outside the

261  watershed and possible outside the region as itnisdvker could be useful for identifying fecal

262  pollution sources in other river systems and coasiters.

263  TheBrevibacterium clone LA35 poultry litter biomarker was most cllyseelated to

264  Brevibacteriumavium, which is associated with bumble-foot lesionsaulfry (32).

265  Brevibacterium spp. were recently identified in spent mushroommgost that was originally

266  derived from chicken litter and cereal straw (Z)ditionally Brevibacterium avium,

267  Brevibacteriumiodinum, andBrevibacterium epidermidis were found to represent more than 7%
268 of a 16S rRNA clone library originating from brailehicken litter (27). CertaiBrevibacterium

269  spp. are associated with milk and cheese curds@&an skin(9), and soils (3@revibacterium

270  spp. have been associated with disease in humizesigh to date these opportunistic pathogens

271 have only been isolated from immunocompromiseceptgi(4, 9, 18).

272 As poultry litter is land-applied as a disposalgtice (19, 33, 35), it was important to identify a
273 marker that could survive the process of deposiiobedding and spreading on fields.

274  Therefore, the T-RFLP screening process includel liter and contaminated soil samples.

275  This strategy allowed for the rapid eliminationnoimerous targets that could be abundant in the

276  poultry fecal material, but not as abundant inlier and not present in the environment after
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277 litter application. This strategy for marker iddicttion is in contrast with the work by Lu and
278  colleagues (2007) where a genome fragment enrichmetihod was used to identify microbial
279  sequences specific to chicken feces. Based onGRed3says developed from clone libraries of
280 the genome fragments, 6 to 40% of the chicken femalples collected from a wide geographic
281 region contained DNA that could be amplified by agious assays (26). In comparison the
282  LA35 biomarker was found in all the poultry litteamples tested, although it should be noted

283 that all of the samples were collected in the Osab/Arkansas region.

284  The examination of environmental samples from withie poultry litter impacted watershed
285  suggest a correlation between the application aftpolitter to a field and concentration of the
286  biomarker in the receiving waters, as evidencethbygenerally decreasing trend in biomarker
287  concentration with decreasing concentration oflfe@icator organisms. These results indicate
288 that the watershed is in fact being impacted byath@ication of poultry litter to fields within the
289  watershed. However, the magnitude of the impaateassured by the distribution of the

290 biomarker within the watershed cannot be quantifi@tl the limited number of environmental
291  samples processed to date. Future work will inctheéetesting of environmental samples from
292 within the watershed by the gPCR assay to evathatdistribution of the poultry litter-specific
293  biomarker as compared to indicator bacteria, aotits and heavy metals. Additionally, testing
294  of the poultry litter-specific biomarker against radecal samples from other watersheds and
295 additional avian fecal material will be conductexdtlae LA35 poultry litter biomarker was found
296 inlow abundance (i.e., a nested PCR approacheepsred for detection) in two non-target

297 composite avian fecal samples (i.e., a duck anobagysample) from outside the watershed.

298 Conclusions
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299 In summary a novel biomarker of poultry litter wdentified and a 16S rRNA based real-time
300 PCR assay was developed for this biomarker. Theifspty of the assay (93.5%) was tested

301 against 31 separate non-target fecal samples asdisity was tested against10 target litter

302 samples (100%). The field applicability of theas#as evaluated by testing for the biomarker
303 in environmental samples expected to have variedoheentrations of the biomarker, which we
304 hypothesized would be correlated with the concéptraf fecal indicator bacteria. A generally
305 positive correlation was found between biomarkercemtration and fecal indicator bacteria

306 concentration which was particularly strong forezntocci. The research presented herein is the
307 first identification of aBrevibacterium spp. for microbial source tracking studies andneag

308 the first quantifiable method for tracking of pawylfecal sources in environmental waters.

309 ACKNOWLEDGMENTS

310 This research was conducted in connection with wertormed as retained experts in a pending
311 legal case brought by the State of Oklahoma agaéwsral poultry integrators. Drs. Harwood
312 & Olsen have been retained to serve as expert sgaseby the State of Oklahoma and have

313  provided testimony regarding this research.

314  The authors are grateful for the assistance pravigeKyle Collins, William Blackmore, James
315 Jackson, Erin O’Leary Jeapson and Michelle Andrevdslitionally the authors acknowledge
316 the Molecular Research Core Facility at Idaho Sthtiversity for graciously allowing us the use

317  of their laboratory space and equipment.

15

Harwood00000092.0015



Case 4:05-cv-00329-GKF-PJC  Document 2028-6 Filed in USDC ND/OK on 05/08/2009 Page 18 of 31

318 References

319 1. Anderson, K., J. Whitlock, and V. Harwood.2005. Persistence and Differential
320 Survival of Fecal Indicator Bacteria in SubtropiWdhters and Sediments. Applied and
321 Environmental Microbiology'1:3041-3048.

322 2. APHA. 2005. Standard methods for the examination of matd wastewater, 21st ed.
323 American Public Health Association, Inc., WashimgtD.C.

324 3. Bernhard, A., and K. Field. 2000. Identification of Nonpoint Sources of Feallution

325 in Coastal Waters by Using Host-Specific 16S RilbesloDNA Genetic Markers from
326 Fecal Anaerobes. Applied and Environmental Micrtdgy 66:1587-1594.

327 4. Beukinga, I., H. Rodriguez-Villalobos, A. DeplanoF. Jacobs, and M. Struelens.
328 2005. Management of long-term catheter-rel@ealibacterium bacteraemia. Clinical
329 Microbiology and Infectior10:465-467.

330 5. Bitzer, C., and J. Sims.1988. Estimating the availability of nitrogen iaytry manure
331 through laboratory and field studies. Journal ofiEommental Qualityl 7:47-54.

332 6. Brennan, N., A. Ward, T. Beresford, P. Fox, M. Gootellow, and T. Cogan.2002.

333 Biodiversity of the bacterial flora on the surfaxfea smear cheese. Applied and

334 Environmental Microbiology8:820-830.

335 7. Bujozcek, G., J. Oleszkiewicz, R. Sparling, and £enkowski. 2000. High Solid

336 Anaerobic Digestion of Chicken Manure. Journal gfidultural Engineering Research
337 76:51-60.

338 8. Call, D., D. Satterwhite, and M. Soule2007. Using DNA suspension arrays to identify
339 library-independent markers for bacterial soureeking. Applied and Environmental

340 Microbiology 41:3740-3746.

16

Harwood00000092.0016



Case 4:05-cv-00329-GKF-PJC  Document 2028-6 Filed in USDC ND/OK on 05/08/2009 Page 19 of 31

341 9. Cannon, J., F. Spadoni, S. Pesh-Iman, and S. Johms@005. Pericardial infection
342 caused byrevibacterium casei. Clinical Microbiology and Infectiod1:164-165.

343 10. Carson, C., B. Shear, M. Ellersieck, and A. Asfan2001. Identification of Fecal
344 Escherichia coli from Humans and Animals by Ribotyping. Applied d&avironmental
345 Microbiology 67:1503-1507.

346 11. Connor, R., M. Connor, K. Irgolic, J. Sabrsula, H.Gurleyuk, R. Brunette, C.

347 Howard, J. Garcia, J. Brien, J. Brien, and J. Brien 2005. Transformations, Air
348 Transport and Human Impact of Arsenic from Pouliityer. Environmental Forensics
349 6:83-89.

350 12. Desmarais, T., H. Solo-Gabriele, and C. PalmeR002. Influence of Soil on Fecal
351 Indicator Organisms in a Tidally Influenced Subtoap Environment. Applied and
352 Environmental Microbiology8:1165-1172.

353 13. Dick, L. K., A. E. Bernhard, T. J. Brodeur, J. W. Santo Domingo, J. M. Simpson, S.

354 P. Walters, and K. G. Field.2005. Host distributions of uncultivated fe&acteroidales
355 bacteria reveal genetic markers for fecal soureatification. Applied and
356 Environmental Microbiology1:3184-3191.

357 14. Dombek, P., L. Johnson, S. Zimmerley, and M. Sadowg. 2000. Use of repetitive
358 DNA sequences and the PCR to differentizgeherichia coli isolates from human and
359 animal sources. Applied and Environmental Microbggl66:2572-2577.

360 15. Edwards, D., and T. Daniel.1994. A comparison of runoff quality effects ofjanic
361 and inorganic fertilizers applied to fescue grdssspJournal of the American Water

362 Resources Associatid80:35-41.

17

Harwood00000092.0017



Case 4:05-cv-00329-GKF-PJC  Document 2028-6 Filed in USDC ND/OK on 05/08/2009 Page 20 of 31

363 16. Edwards, U., T. Rogall, H. Blocker, M. Emde, and EBottger. 1989. Isolation and
364 direct complete nucleotide determination of engea@es. Characterization of a gene
365 coding for 16S ribosomal RNA. Nucleic Acids Resbac:7843-7853.

366 17. Field, K., and M. Samadpour.2007. Fecal source tracking, the indicator paradignd
367 managing water quality. Water Reseafd3517-3538.

368 18. Janda, W., P. Tipirneni, and R. Novak.2003.Brevibacterium casei Bacteremia and
369 Line Sepsis in a Patient with AIDS. Journal of bifen 46:61-64.

370 19. Jenkins, M., D. Endale, H. Schomber, and R. Sharp@006. Fecal bacteria and sex
371 hormones in soil and runoff from cropped watershedsended with poultry litter.

372 Science of the Total EnvironmeBb8:164-177.

373 20. Kelleher, B., J. Leahy, A. Henihan, T. O'Dwyer, DSutton, and M. Leahy.2002.
374 Advances in poultry litter disposal technology resiew. Bioresource Technology
375 83:27-36.

376 21. Kelley, T., O. Pancorbo, W. Mercka, S. Thompson, MCabrera, and H. Barnhart.
377 1994. Fate of Selected Bacterial Pathogens anddtais in Fractionated Poultry Litter
378 During Storage. Journal of Applied Poultry Rese&@@v9-288.

379 22. Kildare, B. J., C. M. Leutenegger, B. S. McSwain, DG. Bambic, V. B. Rajal, and S.

380 Wuertz. 2007. 16S rRNA-based assays for quantitative tieteof universal, human-,
381 cow-, and dog-specific fecBacteroidales: a Bayesian approach. Water Research
382 41:3701-3715.

383 23. Kuntz, R., P. Hartel, J. Rodgers, and W. Segar2004. Presence &nterococcus
384 faecalis in broiler litter and wild bird feces for bactdreurce tracking. Water Research

385 38:3551-3557.

18

Harwood00000092.0018



Case 4:05-cv-00329-GKF-PJC  Document 2028-6 Filed in USDC ND/OK on 05/08/2009 Page 21 of 31

386 24. Lane, D.1991. 16S/23S rRNA sequencing.E. Stackebrandt and M. Goodfellow (ed.),
387 Nucleic acid sequencing techniques in bacteriaesyatics. John Wiley and Sons, New
388 York, N.Y.

389 25. Leclerc, H., D. Mossel, S. Edberg, and C. Struijk2001. Advances in the Bacteriology
390 of the Coliform Group: Their Suitability as MarkesEMicrobial Water Safety. Annual
391 Reviews in Microbiologyp5:201-234.

392 26. Lu, J., J. Domingo, and O. Shanks2007. Identification of a chicken-specific fecal

393 microbial sequences using a metagenomic approaatenResearchl:3561-3574.

394 27. Lu, J., S. Sanchez, C. Hofacre, J. Maurer, B. Harnmm and M. Lee.2003. Evaluation

395 of Broiler Litter with Reference to the Microbiab@position as Assessed by Using 16S
396 rRNA and Functional Gene Markers. Applied and Emwnental Microbiologys9:901-
397 908.

398 28. Mozaffari, M., and J. Sims.1994. Phosphorus availability and sorption in dlamic
399 coastal plain watershed dominated by animal-bagedudture. Soil Scienc&57:97-107.

400 29. Ntougias, S., G. Zervakis, N. Kavroulakis, C. Ehatitis, and K. Papadopoulou2004.

401 Bacterial Diversity in Spent Mushroom Compost Asselsby Amplified rDNA
402 Restriction Analysis and Sequencing of Cultivatealdtes. Systematic and Applied
403 Microbiology 27:746-754.

404 30. Onraedt, A., W. Soetaert, and E. Vandamme2005. Industrial importance of the genus
405 Brevibacterium. Biotechnology Letter27:527-533.
406 31. Parveen, S., R. Murphree, L. Edmiston, C. Kaspar, @d M. Tamplin. 1999.

407 Discriminant analysis of ribotype profiles Bécherichia coli for differentiating human

19

Harwood00000092.0019



Case 4:05-cv-00329-GKF-PJC  Document 2028-6 Filed in USDC ND/OK on 05/08/2009 Page 22 of 31

408 and nonhuman sources of fecal pollution. Applied Bnvironmental Microbiology

409 65:3142-3147.

410 32. Pascual, C., and M. Collins1999.Brevibacterium avium sp. nov., isolated from

411 poultry. International Journal of Systematic Baiciegy 49:1527-1530.

412 33. Pirani, A., K. Brye, T. Daniel, B. Haggard, E. Gbur, and J. Mattice.2006. Soluble

413 Metal Leaching from a Poultry Litter—Amended Uduttider Pasture Vegetation. Vadose
414 Zone Journab:1017-1034.

415 34. Santo Domingo, J., D. Bambic, T. Edge, and S. Wuext2007. Quo vadis source

416 tracking? Towards a strategic framework for envinental monitoring of fecal pollution.
417 Water Researc#1:3539-3552.

418 35. Schroeder, P., D. Radcliffer, and M. Cabrera2004. Rainfall Timing and Poultry Litter
419 Application Rate Effects on Phosphorus Loss in &e&fRunoff. Journal of

420 Environmental Quality33:2201-22009.

421 36. Scott, T., J. Rose, T. Jenkins, S. Farrah, and J.ukasik. 2002. Microbial Source

422 Tracking: Current Methodology and Future DirectioApplied and Environmental

423 Microbiology 68:5796-5803.

424  37. Scott, T. M., T. M. Jenkins, J. Lukasik, and J. BRose.2005. Potential use of a host
425 associated molecular markerknterococcus faecium as an index of human fecal

426 pollution. Environmental Science and Technol@§283-287.

427  38. Seurinck, S., T. Defoirdt, W. Verstraete, and S. DSiciliano. 2005. Detection and

428 guantification of the human-specific HF1Bacteroides 16S rRNA genetic marker with
429 real-time PCR for assessment of human faecal patlun freshwater. Environmental
430 Microbiology 7:249-259.

20

Harwood00000092.0020



Case 4:05-cv-00329-GKF-PJC  Document 2028-6 Filed in USDC ND/OK on 05/08/2009 Page 23 of 31

431 39. Sharpley, A., T. Daniel, J. Sims, and D. Potd.996. Determining environmentally
432 sound soil phosphorus levels. Journal of Soil aredléVConservatioh1:160-168.

433  40. Stoeckel, D., and V. Harwood2007. Performance, design and analysis in microbia
434 source tracking studies. Applied and Environmektiarobiology 73:2405-2415.

435 41. Tsen, H., C. Lin, and W. Chi.1998. Development and use of 16S rRNA gene taigete
436 PCR primers for the identification &kscherichia coli cells in water. Journal of Applied
437 Microbiology 85:554-560.

438 42. USEPA.2000. Improved enumeration methods for the renealt water quality

439 indicators: enterococci arkescherichia coli. EPA-821/R-771 97/004. U.S.

440 Environmental Protection Agency.

441 43. USEPA.2005. Microbial source tracking guide documentAE®0/R-05/064. U.S.
442 Environmental Protection Agency.

443 44. USEPA.2001. Protocol for developing pathogen TMDLs. BEFA-R-00-002. U.S.
444 Environmental Protection Agency.

445 45,  Van Donsel, D., E. Geldreich, and N. Clarkel967. Seasonal Variations in Survival of
446 Indicator Bacteria in Soil and their Contributian$torm-water Pollution. Applied

447 Microbiology 15:1362-1370.

448 46. Wade, T., R. Calderon, E. Sams, M. Beach, K. BrenneA. Williams, and A. Dufour.
449 2006. Rapidly measured indicators of recreatioratewquality are predictive of

450 swimming-associated gastrointestinal illness. EmuiHealth Perspectivdd.4.24-28.
451  47. Wouertz, S., and J. Field.2007. Emerging microbial and chemical source iragk

452 techniques to identify origins of fecal contamipatin waterways. Water Research

453 41:3515-3516.

21

Harwood00000092.0021



Case 4:05-cv-00329-GKF-PJC Document 2028-6 Filed in USDC ND/OK on 05/08/2009

454

455

456

457

458

and two soils to which the litter had been applied.

Number of subsamples tested (number

containing T-RF of interest)

T-RF Litter A Litter B Soil A Soil B

E.coli PCR products, digested with Mspl

496.0 4 (4) 5 (4) 5 (3) 5 (5)
498.9 4 (4) 5 (5) 5 (4) 5 (5)
500.8 4 (4) 5 (5) 5 (5) 5 (5)

Universal bacteria PCR products, digested with Mspl

80.1 4 (4) 5 (5) 5 (0) 3(3)
130.9 4(3) 5 (5) 5 (1) 3(0)
142.9 4 (4) 5 (4) 5(2) 3(2)
147.3 4 (4) 5(5) 5(5) 3(2)
158.9 4 (3) 5(5) 5 (4) 3(2)
165.0 4 (3) 5 (5) 5 (4) 3(2)

*Underlined T-RFs correlate to those organisms for which

PCR primers were developed

Page 24 of 31

Table 1. Common T-RFs among replicates from two fecal-contaminated poulty litter samples
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459

460

461

Table 2. Nucleotide sequences and targets of primers used in this study.

Primer Target Sequence (5'-3") Positon Tm (°C) T-RF
LA35F  Brevibacterium ACCGGATACGACCATCTGC 166-184 57 147.3
LA35R  clone LA35 TCCCCAGTGTCAGTCACAGC 717-736 58
SA19F  Kineococcus TACGACTCACCTCGGCATC 163-181 56 158.9
SA19R  spp. ACTCTAGTGTGCCCGTACCC 602-621 55
SB37F  Rhodoplanes AACGTGCCTTTTGGTTCG 143-160 56 142.9
SB37R  spp. GCTCCTCAGTATCAAAGGCAG 616-626 55
SA15F  Pantoea CGATGTGGTTAATAACCGCAT  490-510 56 500.8
SA15R  ananatis AAGCCTGCCAGTTTCAAATAC 668-688 55
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462  Table 3. Specificity of the poultry litter biomarker assay tested against fecal samples from within and outside the watershed.

463

Number of samples tested (Number of samples containing potential biomarker)

Fecal sample (inside or  Brevibacterium clone  Rhodoplanes clone Kineococcus  Pantoea ananatis
outside watershed) LA35 SB37 clone SA19 clone SA15
Beef cattle (outside) 5 (0) 5 (2) 5 (1) 5 (0)
Beef cattle (inside) 5 (0) 5 (3) 5 (5) 5 (1)
Dairy cattle (outside) 2 (0) 2 (1) 2 (1) 2 (1)
Dairy cattle (inside) 1 (0) 1(1) 1(0) 1(0)
Swine (outside) 1 (0) 1(1) 1(1) 1(0)
Swine (inside) 1(0) 1 (0) 1 (0) 1(0)
Duck (outside) 2 (1)* 2 (2) 2 (2) 2 (2)
Duck (inside) 3(0) 3 (1) 3 (1) 3(2)
Goose (outside) 3 (1) 3(3) 3(2) 3(2)
Goose (inside) 2 (0) 2 (2) 2 (1) 2 (1)
Human sewage (outside) 2 (0) 2 (2) 2 (2) 2 (1)
Human sewage (inside) 4 (0) 4 (3) 4 (1) 4 (1)

* One duplicate amplified when analyzed with a nested PCR assay.
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464
465
98 Brevibacterium iodinum NCDO 613" (X76567)
Brevibacterium epidermis NCDO 2286 (X76565)
Brevibacterium casei NCDO 2048 (X76564)
55 Brevibacterium linens CIP 101125" (AJ315491)
L— Brevibacterium avium NCIMB 703055 (X76962)
Brevibacterium LA35
Brevibacterium otitidis NCFB 3053" (X93593)

466 — Arthrobacter globiformis DSM 202147
467

468  Figure 1. Reconstructed phylogentic tree of the Brevibacterium spp. based on 16S rRNA.

469  Numbers at the nodes represent bootstrap values (i.e. the number of times this organism was
470 found in this position relative to other organisms in 1000 resamplings of the data). Bootstraps
471  less than 50% are not shown. The closest cultured organisms as reported in an NCBI BLAST

472  search are reported. The distance bar represents a 1% estimated sequence divergence.
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477  Figure 2. Standard curve of measured Ct values and standard deviations versus log plasmid

478 biomarker concentration.
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479  Table 4. Environmental samples tested for Brevibacterium clone LA35 poultry litter biomarker

480
Number % of samples Range of biomarker present (16S
samples containing % of samples rRNA copies/L water or g soil or g
Sample type tested biomarker®  quantifiable ° litter)
Litter 10 100 100 2.2¥10" +7.1*10° — 2.5%10° + 9.5*10"
Soil 10 100 50 7.0%10° + 4.4*10% — 2.910° + 2.0*10*
Edge of field 10 100 100 2.6*10° + 1.2*10% — 5.5*10" + 5.3*10°
runoff
River 10 50 20 2.9%10° + 8.6*10% — 3.2¥10" + 6.8+10°
Groundwater 6 0 0 Not applicable
% indicates the percent of samples in which the biomarker was identified by gPCR or nested
gPCR methods
® indicates the percent of samples for which a quantifiable number of biomarker genes were
measured by qPCR
481
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Figure 3. Correlation between the concentrations of poultry litter biomarker, E. coli and

Enterococcus spp. in poulty litter samples.
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489  Figure 4. Correlation between the concentrations of poultry litter biomarker, E. coli and

490  Enterococcus spp. in water samples.
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